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El ectroacoustic transducer comp rising a membrane with a middle area comprising stiffening 
grooves — — 



The invention relates to a membrane for an electroacoustic transducer, which 
membrane is designed to be capable of vibration with respect to a membrane axis, which has 
a first membrane side and a second membrane side, and which has a middle area. 

The invention further relates to an electroacoustic transducer with a 

5 membrane. 



An electroacoustic transducer of the kind mentioned in the first paragraph and 
a membrane of the kind mentioned in the second paragraph above are known, for example, 

10 from the patent document WO 01/60530 Al. The known electroacoustic transducer is 

designed for generating and providing sound in a certain frequency range by means of the 
known membrane in conjunction with a coil connected to the membrane and by means of a 
magnet system acting on the coil. The known membrane has a membrane axis and a 
substantially dome-shaped middle area around the membrane axis. The shape of the 

1 5 membrane in the middle area is the determining factor for the generation and projection of 
medium to high frequencies within the audible range. 

The known electroacoustic transducer comprising such a known membrane is 
used for known purposes in comparatively small appliances, for example as loudspeakers in 
mobile telephones. It is now a major concern to construct such an electroacoustic transducer 

20 as small as possible so as to contribute to a miniaturization of such a mobile telephone. An 
essential constructional geometry of an electroacoustic transducer is given by the 
constructional height of the transducer, and is accordingly influenced by the shape of the 
membrane and in particular the shape of the middle area thereof. The known membrane has a 
comparatively great constructional height because of its dome-shaped middle area, which is 

25 very disadvantageous in view of the desired miniaturization of appliances as mentioned 
above, in which such an electroacoustic transducer with such a membrane will be used. 
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The invention has for its object to eliminate the drawbacks mentioned above 
and to provide an improved membrane for a transducer and an improved electroacoustic 
transducer with a membrane. 

To achieve the above object, inventive features are provided in a membrane 
5 according to the invention such that a membrane according to the invention can be 
characterized as follows: 

A membrane for an electroacoustic transducer, which membrane is designed to 
be capable of vibration with respect to a membrane axis, and which has a first membrane side 
and a second membrane side, and which has a middle area, wherein a central cup-shaped 

10 depression is present in the region of the membrane axis, which depression is bounded by a 
cup bottom wall and which is open towards the first membrane side, and wherein the 
membrane has stiffening grooves in its middle area which stiffening grooves extend 
substantially parallel to radial directions, and wherein at least two of said stiffening grooves 
extend up to the depression. 

15 To achieve the above object, furthermore, inventive features are provided in an 

electroacoustic transducer according to the invention such that an electroacoustic transducer 
according to the invention can be characterized as follows: 

An electroacoustic transducer having a membrane, wherein the transducer is 
provided with, a membrane according to the invention. 

20 The provision of the inventive features achieves in a constructionally 

comparatively simple manner and with little additional expenditure in practice that a 
membrane with an advantageously low middle area can be realized in the case of a 
membrane according to the invention for an electroacoustic transducer according to the 
invention, it being even possible to construct the middle area fully planar. Such a membrane 

25 has very good acoustic properties in spite of its flatness, i.e. low constructional height, 

because the presence of the stiffening grooves positively influences the mechanical properties 
of the membrane according to the invention, i.e. in particular its rigidity. The use of an 
electroacoustic transducer according to the invention with a membrane according to the 
invention in appliances with thin housings is highly advantageous because of the flatness of 

30 the membrane according to the invention thus made possible and the resulting small 

constructional height of the membrane and accordingly of the electroacoustic transducer. 

The stiffening grooves may be open alternately towards the first membrane 
side and towards the second membrane side in a membrane according to the invention. It was 
found to be particularly advantageous in a membrane according to the invention, however, if 
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in addition the characterizing features of claim 2 are provided. This is advantageous for a 

simple manufacture of the membrane. 

It was further found to be highly advantageous in a membrane according to the 

invention if in addition the characterizing features of claim 3 are provided. The depression 
5 with its connecting channel provides the advantage of good properties in the generation and 

emission of medium to high frequencies within the audible range. 

The additional provision of the characterizing features of claim 4 in a 

membrane according to the invention achieves a regular and symmetrical structure, resulting 

in an evenly distributed stiffness or rigidity of the middle area. 
10 All stiffening grooves may extend up to the depression in a membrane 

according to the invention. It was found to be particularly advantageous if in addition the 

features of claim 5 are provided in such a membrane, because in this case the depression can 

be of small dimensions in radial directions, which is particularly advantageous for achieving 

good properties in the generation and emission of sound. 
1 5 The additional provision of the characteristics of claim 6 in a membrane 

according to the invention leads to the advantage that no undefined membrane portions are 

present, and that thus no undefined membrane movements can interfere with the projected 

sound during the emission of sound. 

The stiffening grooves in a membrane according to the invention may have a 
20 slightly curved, sweeping, or undulating shape. It was found to be particularly advantageous 

if in addition the characterizing features of claim 7 are provided. This leads to a particularly 

good stiffening of the membrane in its middle area. 

Furthermore, the stiffening grooves in a membrane according to the invention 

may have an arcuate cross-section and/or an arcuate longitudinal section. The groove side 
25 walls may also have an arcuate gradient. The arcuate cross-section and the arcuate 

longitudinal section and the arcuate gradient of the groove side walls may be convex or 

concave. It was found to be particularly advantageous, however, if in addition the 

characteristics of claim 8 are provided. This achieves a particularly high stability of the 

membrane. 

30 The additional provision of the characterizing features of claim 9 in a 

membrane according to the invention leads to the advantage that an optimum construction is 
obtained both as regards a manufacturing process for making the membrane and as regards 
the stiffness of the membrane in its middle area. 
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The additional provision of the characterizing features of claim 10 in a 
membrane according to the invention leads to the advantage that the depression, which 
together with the connecting channel makes an essential contribution to the stiffening of the 
membrane in its middle area, has an optimized construction. 
5 The advantages described above for a membrane according to the invention 

are equally valid for an electroacoustic transducer according to the invention. 

The above and further aspects of the invention will become apparent from the 
embodiment described below and are clarified with reference to this embodiment. 

10 

The invention will now be explained in more detail with reference to an 
embodiment shown in the drawings, to which, however, the invention is not limited. 

Fig. 1 is a cross-sectional view, partly diagrammatic, of an electroacoustic 
transducer in an embodiment of the invention, comprising a membrane according to an 
1 5 embodiment of the invention. 

Fig. 2 is an oblique view from below of the membrane of the transducer of 

Fig. 1. 

Fig. 3 is a bottom view of the membrane of Fig. 2. 

Fig. 4 is an oblique view from below of the central portion of the middle area 
20 of the membrane of Figs. 2 and 3. 



Fig. 1 shows an electroacoustic transducer 1, denoted the transducer 1 for 
short below, which is constructed as a loudspeaker. The transducer 1 has a housing 2 of 

25 synthetic resin, which housing 2 is often denoted the basket. The housing 2 has a first stage 3 
and a second stage 4, which two corners 3 and 4 merge into one another. Holes H are 
provided in the region between the first stage 3 and the second stage 4 so as to connect the 
so-termed rear space volume to the acoustic free space. A hollow cylindrical housing portion 
6 extending in the direction of a transducer axis 5 is connected to the first stage 3. A planar 

30 housing portion 7 is connected to the second stage 4, in which portion a circular cylindrical 
passage 8 is provided. 

The transducer 1 comprises a magnet system 9. The magnet system 9 is 
formed by a magnet 10 and a pole plate 1 1 and a pot 12, which pot 12 is often denoted the 
outer cup and is formed by a planar pot bottom 13 and a hollow cylindrical pot wall 14. The 
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entire magnet system 9 is fastened to the second stage 4 of the housing 2 by means of the pot 
wall 14 of the pot 12 in that an adhesive connection (not shown) is provided in the passage 8 
between the pot wall 14 and the second stage 4. The pot 12 of the magnet system 9 projects 
with its pot bottom 13 through the passage 8 in the planar housing portion 7, while a 
5 mechanically and acoustically closed connection is formed by the adhesive connection 

between the planar housing portion 7 and the pot 12. It should be noted that the acoustically 
closed connection may equally well be realized by means of a press fit. 

An air gap 16 is formed between the circumferential limiting surface of the 
pole plate 1 1 and the end region 15 of the hollow cylindrical cup wall 14 facing the pole plate 

10 1 1 . A vibration coil 17 of the transducer 1 is partly accommodated in the air gap 1 6. The 
vibration coil 17 can be set into vibration by means of the magnet system 9 substantially 
parallel to a vibration direction indicated in Fig. 1 by a double arrow 18 and parallel to the 
transducer axis 5. The vibration coil 17 is connected to a membrane 20 of the transducer 1, 
the construction of which will be described in detail below with reference to Figs. 2 to 4. The 

15 membrane 20 can be made to vibrate by the vibration coil 17 substantially parallel to the 

vibration direction 18 and accordingly parallel to the transducer axis 5. It should be noted that 
the transducer axis 5 is at the same time a membrane axis 5 of the membrane 20. 

The membrane 20 will now be described in detail with reference to Figs. 2 to 
4, from which Figs. 2 to 4 the construction of the membrane 20 can be gathered. 

20 The membrane 20 comprises a first membrane side 20a formed by its front 

face and a second membrane side 20b formed by its rear face. The membrane 20, which is 
made of a polycarbonate foil in the present case, has a middle area 50 and the membrane axis 
5 mentioned above. The membrane 20 further has an annular outer region 21, by means of 
which outer region 21 the membrane 20 is fastened to the housing 2 of the transducer 1 of 

25 Fig. 1 . Between the middle area 50 and the outer region 21 there is an annular pleated region 
22 which is of circular annular shape in this case and immediately adjoins the outer region 
21. 

The middle area 50 of the membrane 20 is advantageously given a particularly 
low construction, which leads to an advantageously small constructional height of the 
30 electroacoustic transducer 1 of which the membrane 20 forms part. The middle area 50 
comprises an annular connecting region 51 with elevations, which connecting region 51 
serves for fastening to the vibration coil 17. Furthermore, the middle area 50 has a central 
cup-shaped depression 52 in the region of the membrane axis 5, which depression 52 is of 
cylindrical shape in this case and has a circular cup bottom wall 52a and a hollow cylindrical 
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cup side wall 52b. The depression 52 is open towards the first membrane side 20a. Fig. 4 
shows the middle area 50 with the central cup-shaped depression 52 in detail. It can be noted 
that the depression 52 may alternatively have a cuboid or some other shape, for example a 
prismatic shape. The depression 52 has a connecting channel 53, which connecting channel 
5 53 leads into the cup bottom wall 52a and is open towards the second membrane side 20b, 
and is bounded by two planar channel side walls 53a and 53b and a planar channel bottom 
wall 53c. 

Four long stiffening grooves 54 and two further long stiffening grooves 55 and 
56 are present in the middle area 50, which long stiffening grooves 54, 55, 56 form a first 

10 group of stiffening grooves which are open towards the second membrane side 20b and 
extend from an edge of the pleated region 22 up to the depression 52. The long stiffening 
grooves 54, 55, 56 are regularly arranged in a circumferential direction of the middle region 
50 at mutual angles of 60° each time, so that the long stiffening grooves 55 and 56 are 
diametrically opposed, and the interposed connecting channel 53 of the depression 52 issues 

1 5 into the two long stiffening grooves 55 and 56 and accordingly interconnects these two long 
stiffening grooves 55 and 56. Furthermore, six short stiffening grooves 57 are present, which 
short stiffening grooves 57 form a second group of stiffening grooves. The short stiffening 
grooves 57 are arranged in the circumferential direction at angles of 30° to the long stiffening 
grooves 54, 55, 56 each time and also extend from the edge of the pleated region 52 in the 

20 direction of the depression 52, but they terminate before reaching this depression 52 each 
with a semi-circular end portion. The fact that the short stiffening grooves 57 do not extend 
fully to the depression 52 but only the stiffening grooves 54, 55, 56 extend up to the 
depression 52 achieves that an advantageous stiffening of the middle area 50 is given and the 
depression 52 can be of comparatively small dimensions. This has a particularly favorable 

25 influence on the generation and emission of medium to high frequencies in the audible range 
by the transducer 1, which is capable of generating and projecting frequencies of up to 
approximately 10 kHz, without a disadvantageous decoupling of the middle area 50 taking 
place. 

As is apparent from Figs. 2 to 4, all stiffening grooves 54, 55, 56, 57 extend 
30 linearly, and all stiffening grooves 54, 55, 56, 57 have a substantially U-shaped cross-section, 
so that they are each bounded by two planar, mutually substantially parallel groove side walls 
58 and 59 and a planar groove bottom wall 60. Owing to the manufacture of the membrane 
20 in a deep-drawing process, the groove side walls 58 and 59 enclose an angle of at most 5° 
with one another because of a necessary ejection draft. The connecting channel 53 has a U- 
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shaped cross-section which is smaller than the U-shaped cross-section of the long stiffening 
grooves 55 and 56, half the latter dimension in this case. It should be noted that the cross- 
section of the connecting channel 53 may be smaller by a different factor, for example one 
third or one fourth. It may further be noted that the connecting channel 53 may have the same 
5 cross-section as the long stiffening grooves 55 and 56, so that its walls lie flush with the walls 
of the long stiffening grooves 55 and 56. In these embodiments, however, a somewhat lesser 
stiffening of the middle area 50 or the area of the central cup-shaped depression 52 should be 
taken into account. A construction without a connecting channel in the depression 52 is also 
possible, but then a lesser stiffening in the region of the depression 52 should be accepted. 

10 It is to be noted that all stiffening grooves may extend parallel to radial 

directions, in which case they are laterally displaced with respect to the stiffening grooves 54, 
55, 56, 57 disclosed above. 

It is further to be noted that a different number of stiffening grooves may be 
provided, for example double the number or only half the number of stiffening grooves, 

1 5 which stiffening grooves may again be regularly distributed or may be irregularly distributed 
in circumferential direction. 

It is further to be noted that the depression 52 may be open towards the second 
membrane side 20b, and all stiffening grooves 54, 55, 56, 57 may be open towards the first 
membrane side 20a. 

20 It is further to be noted that the depression 52 may comprise two mutually 

crossing connecting channels 53, which connecting channels 53 may have the same shape or 
different shapes. 

It is further to be noted that the connecting channel 53 may in addition have a 
stiffening groove in the channel bottom wall 54c. 
25 Finally, it is to be noted that a spacer 19 of a foam material is connected to the 

cup bottom 13 of the transducer, which spacer bears on an appliance part for damping 
purposes when the transducer 1 is incorporated in an appliance (mobile telephone). 



